Abstract. Bearing vibration is affected by many factors, and the identification of its influencing factors is a big challenge in the industry. Based on a new method, this paper takes a certain type of tapered roller bearing as the experimental object. The experimental results show that the main factors influencing the bearing vibration under the measurement condition are roller waviness, roller convexity, inner raceway roundness, inner raceway waviness and inner raceway roughness.
Introduction
Tapered roller bearing is separable bearings and can withstand radial and axial combined loads. Tapered roller bearing can withstand axial load in one direction, and the bearing capacity depends on the outer raceway angle. The larger the angle is, the greater the carrying capacity will be. Tapered roller bearing can also limit the axial displacement of the shaft or housing in one direction. Because of the special structure, tapered roller bearing plays an irreplaceable role in automobile, rolling mill, mining, metallurgy, machinery, main shaft and other industries [1] [2] [3] .
With the progress of science and technology and increasing demand of mechanical performance, higher quality is required for tapered roller bearings. Among them, the vibration control problem has become one of the main constraints of bearing product quality. People have done a lot of research about this issue. Tong V C presented a new method to optimize the partially crowned roller profiles for tapered roller bearings [4] . Roda-Casanova V studied on the contribution of the deflection of tapered roller bearings to the misalignment of the pinion in a pinion-rack transmission [5] . Jurko J studied on cone roller bearing surface roughness improvement and the effect of surface roughness on tapered roller bearing service life [6] .
There are many factors influencing the vibration of the bearing [7] . This paper mainly considers the controllable part parameters in the process of bearing production and processing. Since there are various parameters of bearing parts, it must be targeted to select the main influencing factors of vibration in order to effectively control the bearing vibration. Considering the cost of experiment, how to find the most important factor from the limited data is the most critical problem. This kind of problem belongs to the typical "poor information" problem.
Poor information refers to the lack or serious lack of characteristics information of the study subject. Its typical characteristics are: little sample data; large sample quantity, but with less sample content; unknown probability distribution; unknown change trend and regularity of distribution. The assessment method of poor information is a set of new system which is generated based on the gray system theory and classical statistics theory in combination with the latest mathematical theory. It can effectively solve the small sample problem, and be used to study the actual evaluation problem that cannot be solved or well solved by classical statistics theory.
Based on the theory of poor information system, the influencing factors of the tapered roller bearing vibration are selected and analyzed by membership degree, closeness degree and correlation degree respectively, and obtained by final qualitative fusion.
Acquisition of Experiment Data
The object of this experiment is a certain type of tapered roller bearing, and the sample number is 30 sets. The bearing vibration acceleration is measured after samples numbering using the BVT-6 bearing vibration measuring instrument, and each sample is measured three times to the average. The other parameters are measured after subsequent disassembly and the rest of the measurement items are also completed by professional equipment.
According to the measurement conditions and the actual production demands, select the 20 rings parameters and 8 roller parameters of the bearing are selected for the study, in which the ring parameters include 11 inner ring parameters and 9 outer ring parameters. Through the experimental, we can study the relationship of bearing parameters and bearing vibration acceleration.
In order to facilitate the study, the vibration acceleration value is defined as X 0 , and the symbols and meanings used in the rest of the experimental studies are shown in Table 1 . Other influencing factors parameter values are shown in Figure. 2. 
Analysis of Vibration Acceleration Influencing Factors
The parameters of the inner rings, outer rings and the rolling elements of the bearing are obtained through the test measurements. The relationship between various parameters and bearing vibration is studied using membership degree, close degree and correlation degree method, respectively. The main influencing factors are finally found out by qualitative fusion.
Membership Degree Calculation Result
The average membership degree between the influence factor and the vibration acceleration value is calculated by the membership degree method. The results are as follows. 
Close Degree Calculation Result
The close degree between the influence factor and the vibration acceleration value is calculated by the close degree method. The results are as follows. 8  21  20  28  18  16  13  19  1  11  26  17  4  10   9  23  27  22  25  14  2  5  15  12  6  7  24 
Correlation Degree Calculation Result
The correlation degree between the influence factor and the vibration acceleration value is calculated by the correlation degree method. The results are as follows. 
Result Analysis
The related sequences of numerical sorting obtained by different methods are sorted, and the first 10 corresponding parameters are taken as the study object. The results are shown in Table 2 . The qualitative fusion theory is used to fuse the results obtained by different methods and obtain the common solution. The main factors that affect the bearing vibration acceleration are obtained and shown in Table 3 . From the Table 3 , it can be known that there are 5 main influencing factors, including 2 roller parameters and 3 inner ring parameters. It can be known that the weight ratio of the influence factors of the roller/inner ring on the vibration velocity is 2/3 when only considering parts quality.
Therefore, under the measurement conditions, the biggest influencing factor of the bearing vibration is the inner ring, followed by the roller. This is because when the vibration acceleration is measured, the instrument shaft part is connected with the inner ring, whose parameters would affect the measured value of bearing vibration most. Moreover, the quality parameter of rollers is difficult to be unified due to its numerousness, making it have great impact on the vibration.
Summary
In conclusion, it is found that for the roller, roller waviness and convexity are the main influencing factors of the tapered roller bearing vibration, which shows that the roller shape, size and processing quality have an important effect on the bearing vibration; for rings, the inner raceway roundness, inner raceway waviness and inner raceway roughness are the main influencing factors of the tapered roller bearing vibration, which indicates that the inner raceway roundness, inner raceway waviness and inner raceway roughness are weak links of bearing quality control. Since these parameters can be controlled in the production and processing process of bearing, the control of the bearing vibration during parts machining process will become a reality.
